Economic burdens of injuries at the country level are unknown. In the current study we tried to explore the economic burden of DALYs loss due to injuries at the country level, then distributed according to the World Bank's income groups. Methods: Data from the World Bank and the World Health Organization websites were used. Disability adjusted life year (DALY) and gross domestic product (GDP) per capita were used to estimate the economic loss for RTIs. Estimates of economic burdens were presented in tables and figures. Results: The total economic loss of the world during 2004 by means of DALYs due to injuries was 613. 144 billion USD, corresponding value of 848.205 billion USD in 2014. DALYs burden of injuries were concentrated (almost 75%) among low and lower middle income countries. Economic burdens of injuries were concentrated (over 80%) among higher middle and high income countries. Iraq had lost almost one-fifth of its GDP due to injuries. The USA had the highest amount of economic loss for injuries (169.136 billion USD) among all countries. Conclusion: Injuries are highly expensive and they account for heavy losses to GDP. Injury prevention should be prioritized in order to save such losses to life and economies.
Introduction
Injuries are major health problems in every country in the world. Injuries have caused over 5 million deaths per * Corresponding author.
year, accounting for 16,000 deaths per day-slightly more than one person per hour [1] . According to the estimate of the World Health Organization's Global Burden of Disease Study, unintentional injuries resulted in more than 3.9 million deaths in 2004. Among the 15 -29 years old of age group, road traffic injuries, drownings, burns, poisonings, falls and other unintentional injuries accounted for top five of the 15 leading causes of death [1] . The attention of policy makers, however, still lacks the necessary actions to control injuries and promote safety.
Worldwide, compared with fatal injuries, non-fatal injuries constitute the larger proportion of all injuries [2] [3] . Injuries cause individual, family and social problems by means of health, financial and socioeconomic issues, including medical and non-medical reasons, loss of productivity, disabilities and legal costs [2] . Younger groups are more affected by injuries which result in very high numbers of years lived with disabilities. The economic impacts of injuries are also very high as usually injuries occur in comparatively young healthy individuals [1] - [3] . Losing a breadwinner to injuries and/or death often results in huge economic burdens by pushing families into poverty, or poorer families deeper into poverty [4] . Injuries result in substantial economic costs to the victims, their family members and to the community as a whole. Therefore, injuries place an enormous burden on national economies. However, the evidence of the economic burden of injuries is not obvious according to the literature. The literature indicates that low income countries and poor people are more affected by injuries [1] - [3] [5]- [7] . However, the actual economic burdens of injuries at the national level are unknown. In the current study we have tried to explore the economic burden of disability adjusted life years (DALYs) due to injuries at the country level and then distributed at World Bank's income group levels. We have also presented the economic loss of DALYs due to injuries as percentage of respective country's GDP.
Methods
An injury is generally defined as the physical damage that results when a human body is suddenly or briefly subjected to intolerable levels of energy. Injury is the transfer of energy exceeding tissue tolerance limit [8] . Injuries are broadly categorized by unintentional injuries and intentional injuries. Unintentional injuries are caused by motorized transportation; unintentional falls; drowning; fire; burns; poisoning; animal and snake bites and other unintentional causes [5] [6] . Intentional injuries are caused by violence and war, suicide and self-inflicted injuries [9] .
The disability adjusted life year (DALY) is a measure of health gap. DALYs "extends the concept of potential years of life lost due to premature death to include equivalent years of 'healthy' life lost by virtue of being in states of poor health or disability" [10] . DALYs are the sum of the years of life lost (YLL) due to premature mortality in the population and the years lost due to disability (YLD) for incident cases of the disordered health condition (DALY = YLL + YLD). One DALY represents the loss of one year of equivalent full health [10] .
Injury and related DALYs data from World Health Organization (WHO) were explored in the current study. More details of data sources were appended in the global burden of disease: 2004 update by WHO [11] . Also data relating to the gross domestic product (GDP) for 2004 and per capita GDP 2004 for each of the WHO Member States were obtained from the World Bank [11] . DALYs used in the current study were not age-standardized. Two data sources (injury-DALYs data and GDP, per capita GDP data) were merged into a single database by member countries. The value of DALYs lost due to injuries was calculated by multiplying the estimated DALYs loss due to injuries in 2004 by the GDP per capita 2004 for the respective countries, using human capital approach [12] . Individuals are productive members of the economy. Individual's yearly economic contribution is the GDP per capita. Years lost due to disability or death are years that are not productive and not contributing in the GDP. Therefore, we have valued the individuals only as much as their contributions to their country's economy. In addition, the value of DALYs loss due to injury as a percentage of total GDP in 2004 was calculated for each country. Then we have calculated the total DALYs for each country individually, and summed by income group. Data presented in absolute term means the actual figures obtained from the original country level data. Also data were presented after normalization (log X, where X is GDP/Injury death/DALYs). Cost of DALYs was estimated after normalization of GDP & GDP per capita and then multiplying by DALYs. More details of calculation of DALYs, data collection at country level were appended elsewhere [10]- [14] .
There are in total 188 countries which have been included in the study according to the relevant data which were available from respective websites. All death and DALYs units are in units of 1000. Monetary values are expressed in USD (2004). To estimate current figures for the year 2011, a 3% discount rate is employed.
Ethical Issue
This paper has used country level published data from World Health Organization and World Bank. It does not deal with any individual or personal data. Therefore this study does not require any ethical permission.
Results
The total economic loss of the world during 2004, by means of DALYs due to injuries was 631.144 billion USD, corresponding to a value of 848.206 billion USD in 2014. The top ten countries accumulated almost 2/3rds (65.45%) of the economic burden due to DALYs loss. The top 15 countries constituted 75%, the top 20 countries constituted 81% and the top 25 countries constituted 85% of the total economic burden of the world due to DALYs loss. In absolute term, the USA had the highest economic loss due to DALYs resulting from injuries amounting to 169.136 billion USD (2004), which was equivalent to 1.43% of the USA GDP. The top ten countries with the highest economic burden (in absolute term) of DALYs loss due to injuries are presented in Figure 1 .
However, after normalization of the GDP of the countries, a relative comparison demonstrate that top 10 countries for DALYs loss due to injuries are India, China, Nigeria, United States, Indonesia, Russia, Brazil, Pakistan, Bangladesh and Ethiopia (Figure 2) .
Top ten countries for accumulating injury costs as percentage of own GDP (2004) by means of DALYs loss are Iraq (19.35%), Somalia (9.78%), Sri Lanka (8.82%), Sudan (8.20%), Cote d'Ivoire (7.53%), Myanmar (7.20%), Angola (6.98%), Sierra Leone (6.53%), The Russian Federation (6.51%) and Colombia (6.30%). Figure 3 represents the comparison of injury cost as a percentage of GDP and as a percentage of health expenditure of those ten countries. It is interesting to observe that majority of these ten countries have lower health expenditure than the cost of injury-DALYs as a percentage of GDP (Figure 3) .
According to income groups, countries of the lower middle income group have the highest proportions of injury mortalities (60%), the highest proportions of DALYs loss due to injuries (61%) and less than one-fifth (18%) of the proportions of economic value of DALYs in absolute term. Low income countries constitute 16% of DALYs loss due to injuries and only 2% of DALYs-based economic losses in the world ( Table 1) .
However, after normalization of GDP data, we have found that lower income countries have the highest proportions of injury mortalities (32%), and one-fifth (21%) of the proportions of economic value of DALYs. Lower middle income group has estimated almost one third injury mortalities (31%), the highest proportions of Within low income group countries, top ten countries have lost almost five to ten percent of their GDPs in economic loss due to injury-DALYs. Somalia has lost almost ten percent of its GDP. In the lower middle income group, Iraq has lost almost 20 percent of its GDP due to injury-DALYs. Sri Lanka has lost almost nine percent of its GDP. Russia is at the top of the list followed by Colombia and South Africa in the higher middle income group. Within high income countries, Saudi Arabia, Latvia and Estonia are the top three countries losing highest percentage of their GDP due to injuries. The top ten countries in each income group, accumulating the highest percentages of the economic loss in proportion to GDPs of these countries are presented in Table 2 .
Discussion
During 2004, the total economic loss in the world by means of DALYs due to injuries was 613.144 billion USD, which was almost 10 times the amount received by all the countries as "Net official development assistance and official aid" by the World Bank in that year [13] . That means the money for such development is not functioning Low income countries Somalia (9.78%); Myanmar (7.20%); Angola (6.98%); Sierra Leone (6.53%); DR Congo (6.21%); Burundi (6.08%); Liberia (5.93%); Uganda (5.27%); Central African Republic (5.21%) and Zimbabwe (4.94%).
Lower middle income countries Iraq (19.34%); Sri Lanka (8.82%); Sudan (8.20%); Cote d'Ivore (7.53%); Indonesia (5.65%); Yemen (5.31%); Beliza (3.89%); Nigeria (3.81%); El Salvador (3.77%) and India (3.68%).
Upper middle income countries
Russian Federation (6.51%); Colombia (6.30%); South Africa (5.03%); Kazakhstan (4.44%); Belarus (4.22%); Venezuela (3.71%); Lithuania (3.46%); Dominican Republic (3.43%) and IR Iran (3.32%).
High income countries
Saudi Arabia (3.15%); Latvia (3.11%); Estonia (3.03%); Trinidad and Tobago (2.28%); Poland (1.76%); Finland (1.72); Uruguay (1.70%); Slovakia (1.59%); Republic of Korea (1.58%) and Hungary (1.56%).
as targeted due to huge loss caused by injuries. Therefore, world policy makers should immediately take stern action for injury prevention in all countries, irrespective of their income status. Low income countries are losing up to seven percent of their GDPs, lower middle income countries are losing 3 to 19 percent (China 2.13%; India 3.68%). United Nations agencies are advocating Millenium Development Goals (MDGs). However, they are not emphasizing injury prevention strongly enough. In absolute term, high income countries have only a ten percent burden of injury deaths and a 60 percent burden of injury costs (compared with the world level). Lower middle income countries have a 60 percent burden of injury deaths and an 18 percent burden of injury costs (compared with the world level). Such anomalies can be explained as the economic costs of DALYs of injuries are based on GDP per capita and the findings are based on absolute terms. After normalization of the GDP data, we have found that India, China, Nigeria, United States, Indonesia, Russia, Brazil, Pakistan and Bangladesh are accumulating 55 percent of injury costs. DALYs are based on a fairness principle that considers "'like as like' within an information set comprising the health conditions of individuals, differentiated solely by age and sex" [13] . Therefore, in the current analysis, the estimation of DALYs-based cost of injuries in absolute term are also based on "like as like". Additionally, DALYs are the most widely used measures across countries and cultures [14] . The current estimation can be generalized as it is comparable and it is based on the most widely used measures such as DALYs and GDP.
Considering the economic burden of injuries as a percentage of GDP, the top ten countries are losing out significantly. Iraq has four times more economic loss due to injuries than health expenditure as percentage of GDP. During that phase (2004 and earlier) Iraq had a war situation. Therefore, the current study has also advocated against war since a huge amount of injury costs are drained out of the economy during wartimes.
The Commission on Macroeconomics and Health reported that each life year should be valued at roughly three times annual earnings [15] . In the current study we have not included adjusted estimates; rather we have tried to estimate actual income loss due to injury-DALYs. As there is no unanimous consensus upon such adjustment factors, the current estimation may underscore the enormous impact of injuries. The study may suffer from reporting biases, with a disproportionate underestimation of injuries. Reports from several countries in the study are from hospital-based death-reporting systems. It is worthwhile to mention that the economic value of years lost due to disability may differ from that for years of life lost due to premature mortality. For example, unlike the people killed as a result of a road traffic injury, persons who are disabled as a result of that road traffic injury may continue to contribute to national economy. Therefore, the results in the current study may overestimate the economic value of DALYs lost to road traffic injury. They undercounted deaths since injury mortality outside hospitals or health care facilities were not included [16] . Low and middle income countries have more chance of such under estimation [2] [17] . Therefore the actual burdens may be much more than the reported in the current estimations. There are numerous methodological challenges and data limitations. Several countries (CookIland, Nauru, Niue, Tuvalu) could not present appropriate data for injuries, resulting those countries to be excluded in the current study. The current study has focused on the issue through public health approach and used absolute value to inform the respective countries policy makers about the measurement of injury problems. However, the relative comparison using normalization of the GDPs has demonstrated almost the same trained, that is a higher proportion of economic burden for the high income countries. It is, however, important to quantify the economic burden of injuries at the global level, especially in low and middle income countries. To the best of authors' knowledge, this is the first attempt to estimate the global economic burden of injuries. However, future studies at the multi-country level with all cost elements will provide more in-depth view to the problem. Beside human capital approach at the gross level (by GDP), we can have national representative studies focusing on medical costs and non-medical costs. Though these sorts of nationally representative studies incur enormous resources, such studies can give us actual views of the injury problems for proper decision making.
Lower and upper middle income countries have huge burden of injuries, especially road traffic injuries [16] . Road traffic injuries not only affect the individuals and families by means of personal and economic losses but also affect country economy and health system facilities. Severe and fatal injuries require the best medical team support including trauma care facilities in effort to save lives [16] - [20] . Injury as a whole consumes a significant amount of resources. In the low and lower middle income countries injury treatments consume a very high proportion of individual resources mainly due to out-of pocket payment and societal resources [7] [16] [21] [22] . Additionally, there is a large gap between low and lower middle income countries and high income countries in the burden of injury, injury health care and related insurance systems affecting the poor more [23] . The current study indicates that especially for the low and lower middle income countries the economic cost of injury-DALYS are much higher than their GDP proportion of health care expenditures. This is an important finding indicating a big health care gap in those resource poor countries. However, unlike some diseases, injuries are preventable [1] . Evidence is available which suggests that some countries have reduced injury rates significantly through injury prevention and safety promotion programs such as Safe Community Programs [5] [6] [16] [24]- [26] . Safe Community Program has demonstrated significant cost-benefit ratio by implementing injury prevention and safety promotion principals at local level [26] .
Conclusion
Injuries have enormous burden of disease in terms of morbidity, mortality and economic resources. Therefore, the World Health Assembly should deliberately emphasize injury control as being of utmost importance at local, regional and national levels.
